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mm* 

lX10 15 -5xl0 18 /cn 3 l?feU, £0, *<Z)««^*&|tK:#LT±l 

#«m^m%©^^^, 1x10 15 ~ 5xio 18 /cm 3 i?$> y % _g.o, -eoais^ 

[»#«3] 



1 
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mmzm&LT. mm-mmm^mm<Dmm^ 1 x 1 o 15 ~5 x 1 o 18 /cm 3 -e 

fomiz-mmm*m®}(D4*yfo®)$: 3 okvj^T<z>;ra«;±T*&Au -e©^® 
m iz -mmm^um^ znz ^mmmm & ^ u mmmm u - if - % * m m 
Mi&vt^mfamizmM it, mm lhu&k $ tmzmm-mnm^mm z 

m*i«Wc£i&£lt, mz-mmm^mm&mmtf. i x i o 15 ~5 x i o 

18 ^ 

/cm -e&U, So, ^<Z>^#^>fii&c*f LT± 1 0%T*&£M H ^tt¥^flsJg 
Y A G l/— if — , y V 0 4 L/-if-, YLFU-if- Y A 1 Og U-if - P>5g 

[0 0 0 1] 
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[0 0 0 2] 
[0 0 0 3] 

i/— v-ft<Dmmz£z#&n¥mftm<DM&imffi£LT. mmz ooi- 

1 4 4 0 2 7#^#{C^^tlT^-5 J:e>{CN d : Y V 0 4 l/-if-& 1/ 

X# (TFT) ZftmtZ&ffitfffiTKZnT^Z. 
[0 0 0 4] 

9@St"f UT r N. Sasaki et al, 2002 SID International Symp 

osium Digest of Technical Papers, PP .154-157j T'ltmffiZ&M I/— if-lC J: -5 

FT{C£ y, 2 7 0MHzT'g&^-r-g)i>7 h l^*#7»^£;ft,TVA£ 0 
[0 0 0 5] 

[0 0 0 6] 
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) 

m®mm<Dmtitm??^7'e$>v, nf.t^;i/STFT©#tt^Lt^5 o 

ft^^K-^b®^l|[7 0-l 5 0nm©|gHlCfc^T^«|il3fr 
[0 0 0 7] 

[0 0 0 8] 

^TJ/?aU-fa>lfc»#-e»»J, ¥*ttJ*(Z>*3#6 Onn (03) , 8 0 
n-(BJ4), 10 0ni(B5), 1 5 0nm (0 6) LTtf*Lfc» 

[0 0 0 9] 

ff-*Ai?*-*£u T , >F-Mc-l ov, KU>f>JC+lV&BPiiiu&»^& 
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fttsfzxc^fi, ^##:M©i^jp^6 onmjt^±{cjp<^§^ > vmrnm^m 

^^m?i-r^o fLt04~06l:Jtf#Mt§i:, #8 Onmfr 

<bl 5 OnmfCffftJir-SlC&Vv ^CD^McOD^S #*g;&|]-f£ * £ tlT V^ 

So 

[0 0 10] 

^ y * ^ * ;wi y - ^ A tN* K U y mm £ m 15 #*3£©««#mj« a ti, 4* 

[0 0 1 1 ] 

ttM®>znftT*tiami,T&A-fz>j>tymA%L< it^ityyvv- F-tf> 

[0 0 12] 

[0 0 13] 
[HS$:fi?^^-5fe«b©^|8] 
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famizmm it, mm vn'&mit z mmMmmmmoy-mnm^mm 
m^mmLt^mm^mmmm^^Lx. -#«s^t©is^i x 1 o 15 

~5 X 1 0 18 /cm 3 T*&*J, K-d, Z (Dmmtf ¥tmiZftLT± 1 Oo/oT'&Zffigt 
[0 0 14] 

u - if - y - - ;i/ L r & v ^ 

[0 0 15] 

&tii£, -f *>mizmm.^frt> i o onmmmtv L^mm^-r. b^^*^ 

[0 0 16] 
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-mmm^mm&mittmtf&^m&izit, ■zo&oiig&itaLMz Siting 

[0 0 17] 

£L<, Cr, Nd, Er, Ho, Ce, Co, T i XltT mtf K- bT> tl 
fcYAG, YV0 4 , YLF, Y A 1 Og&^I&fo fe I/— !f-»fil6** 

£>*lS. ft^WJCtt, N d : Y V0 4 l/-f - 0 6 4n«) 

T*, 2SHt (5 3 2nm) 3fii ( 3 5 5 nm) &*gM-r<§> 0 

[0 0 18] 

3§,K U< &0. 1 ~1 OMW/crn 2 ) «t&S 0 fit, 0. 5-200 

^H'l£5:{£T£i*3r £&<J|E£ 6 Onm^J:{c^##:JS{C^fLT lxio 
15 ~5X 1 0 18 /cm 3 T'&U> K-D, ?<Dmmtf¥tmiZMLT± 1 0%?m<DWi 

[0 0 19] 
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[0 0 2 0] 

tfmmzti, *<z>mic#mnssv ny^^-^oum. immyvnyx-A^ 

[0 0 2 1 ] 

wwkmm\zu%x ^xw^mmm^m t~ \zmrn, t^mmtit^m^^. 
v+yviztz. mt^wmwmm?* z\z £ y m3z?tux& 

[0 0 2 2] 

Elltt, 1 5 OnnfflUM^'J 3>l(C^iS^ttii: LTH 2 T' 1 % 

TTfCflD^mjE 1 5kV, K-Xi2X10 1 Vf?iAU ^£§18 -ft© 

iff ^ <d m *mmfti$ z - & >r * > ic *##r & -e l fe ssjh & & u t v * 5 

. *-3fett, YV0 4 U— tf-^SSSSr^S^L, *©fg2«i| 

8fc(5 3 2nm) &Mv\ ffi^j 6 W<Z> 1/ -if-ft 5 0 0 n mX 2 0 n m(C*ft L 
&tf-A£2 5cm/sec(Z)M^T^aEbTVNS 0 
[0 0 2 3] 
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[0 0 2 4] 

3.5xi o 17 /cm 3 <Dmmx*~miz&tt?zm®tf]&f&znT^2> z. twrnzn 
tv^ d rti{^ift-#M^b{c#e>^T^u> mizmfomizttm? z<dx\ 

[0 0 2 5] 

^yyt&itit^wmffimmizj: y, OTfffrS> 10-5 0 nm<z>j£s 5 ~ 

^±©x^«, ^7xs«ci^t, MWcii 7 0 0 'car 

[0 0 2 6] 
[0 0 2 7] 

H7tt*aig<z>*i (Dmmj&m\z&z*m&mw:<Dftm*m*mm?z>mT-3b 
2> 0 mi (a) ic^-r^icsisi 0 i±iz\zmt*/v nym. mityvnym 
> &m<t*/vny&<D&mxi*nmftfrbi&&Ti&m»mi 0 2#3*itv%5„ 



9 
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P 

[0 0 2 8] 

3¥&M¥mftm l 0 3 &i/V nyxiti/V n>Jc^;i/vr2?A£85#tJL£#|| 

V^ 0 *I«4 5 *#I10 3Oj?Sli6 0~2 0 0n > , f53tl#{Ctel 
5 OnB^JSST^-r*. 0 4 ttZl(D#M^#M©j|iSff;& 6 

£ = e>^^M7C^«#^2 002-12468 5 £lcWjg* 3*1 T 

[0 0 2 9] 

*xtt^f^*i#fc^©iBwi»r--^ ( r t a) m&mwxfts. mmumits 

oo~7 5 oTc-e&y, s«i o i *«s*3!sv^i:fewaiK:air»BirMtt6 o~i 

8 0 0 0»©«HT?ffV\ »lRfiftI10 5^«t« (H7 (B) ) , 
[0 0 3 0] 

•rj:e>tc^M^AM^i o 6 i$mm7&mzmm<D¥- v *m u *®#e>as< 

1 X 1 0 15 ~5 X 1 0 18 /cm 3 -£&£„ 

[0 0 3 1] 
[0 0 3 2] 

07 (D) T^*<fc3fcfctt»fii/-if-3fe&M#LT, *M%#& 
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A34xfcraAK4H*fMI 1 0 5 r©^l{: J; U&A3*i 

fc^MWiftfr^LT, ^®{c^tfLT-#«M^M#>©^aMMl 0 8#?g 

*£2*l£o 1 0 8tf)TJftHC&, ^^P^frfCfc^T 1 X 1 0 15 

18 ^ 

~5X 1 0 /cm°T*&V, -?-©^CD« £,o£&± 1 0%T?- 
t?3£||tt¥#ttJSl 0 7#0j&$tl3 (07 (D) #A0#IKO „ dtltt^lfc- 

1 0 2®»^iy, •e©^aALfc^M%tt*^{c@>fbi-^^MMicM 
[0 0 3 3] 

-£©ASttl 0-6 Onm^Jg^-efeSc «§t5lSISfiftI10 9 

S**tSrt#T»^5 (07 (E) ) . 
[0 0 3 4] 

fcfc, 0 7 (D) ~ (E) *Tf©5aS"e|gftft©|RK:fflV^^M7n*t», -# 
[0 0 3 5] 

MAtf, 4$M2 002-08380 5 o T^- h#-/1 

[0 0 3 6] 

£>o 08 (A) tc^tieiiclSi o UfCTilBill 0 2, #4&JC¥&ftJi 
l 0 3 fcEMfcT*. 
[0 0 3 7] 



1 1 



miE#2 003-3030040 



#2002-191493 



■< *y*&A-tz>m&. (b) <DffiAmT*m-t ^e>jc, ^m^ami i 
mzT&^ftisiithz,. &A?&^m<®mm&¥mfamfpiz&vz>¥-?mmT° 1 

X 1 0 15 ~ 5X10 18 /cm 3 T^-5 0 
[0 0 3 8] 

-t&o z<DmmK£v&A2nttMmmfti$LT. mmmizmmLr-mm 

TOI|J©I1SI1 1 2^«aft*. -eODTSMT'ttHl CD^Ji^ShTO 
[0 0 3 9] 

^<Z>Jft£tel 0-6 0nm#igiJfT?&5 o 1 3 

i*mw<Dmm£v%z<D&m<ft2>tf, ixio 15 ~5xio 18 /ci 3 ^'j, -e 
<Dmm<7>i*t>^iziz± i o%t-nss^^tt5ra^ts ess c 

D) ) „ 

[0 0 4 0] 

WAtf, #H 2002-08380 5 #&«lC8H«®&«£fl!o T$*- htf-^ 
-7>y^LDDil©TFT&^|?tSri:^T*tS 0 
[0 0 4 1 ] 

5, 09 (A) IC^J^ICX^I 0 l±fCTifiJ|!fi»fl|i 0 2, #HSC¥##JI 
1 0 3 fcflMfcf*. 
[0 0 4 2] 
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<D\y-t^mmLx^mt>r^K ^m^t^^v-^f-^mmm.. yag 
u-v-mmmm. Yvotv—y-mmmn, ylf b-if-i§^s^^^ 

jgM«rtgT'££o ^iSMMi^li 1 0~3 0 0Hz, 2§|§/\°;i/*iiig«2 0~ 1 0 0ns 

-%*m^z>miii\z&< % btizmMx* & z> (®9 (b) ) 0 

[0 0 4 3] 

*V*)\sF-¥y7*Uft£Ltz.J*y<n&A*:fit> (09 (C) ) 

&>TT°4*>z&A-fz>m&. in 9 (o <DMAm'vm-t&?iz > ^m^&am 
mi 1 5itmm^mK^~^^n^mm^^m<fji^izm^(Dmm^m^^ 
tfv^miz&^frttztz. &A?z*m®mmiz*mftmtpizi3v%¥-?m 

]g.X* 1X10 15 ~5 X 1 0 18 /cm 3 T*&£ 0 
[0 0 4 4] 

dicing (d) T'vk? jzoiz, &mftmis-^-ftitmMLT*mw'&A 
2tit^&M¥w&mi i szmm-m&^t-tz. z<Dmmizj:v&Aznf=. 

£*i£„ 1 1 7<Drmmizit, ^^isj^fcfc^x i x i o 15 ~ 

5X10 /cm°T*feU. -?"©?gMC0«^o^tt± 1 0%T'-^«M^M#f$r-^^ 

mimw##jsi i ewmmztiz, z(Dmm-mm^t<DMmx^^ 
¥m<bm<Dmmi*¥-m.fczi}:z> z. £tfx*% & ma (d) mAm^m) „ 

[0 0 4 5] 

£t-£ 0 ^tf)ft£iil 0~ 6 Onm^^^T'&So £§#i-£MJ||r¥##Ji 1 1 8 
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sl£#*CgS (09 (E) ) „ 
[0 0 4 6] 

[0 0 4 7] 

Tf^«anfe»*ffi4£##MS:Mv^TTFT&^i8t-*-||K:ov%T3Ei% , r. 
[0 04 8] 

mM©^«K:x y ^>^3«L*«K:ai3c^«Lfe^»#:M2 o i~2 o 

3 &MtS. i*l 2 0 1 ~2 0 3 ti, *"V*;Wg/fc1H«, 

F 4 t0 2 ®ii^S:x«;f>^xi:LTMV\ 4*- hilftlMJI© 

f SfcSMC, 0 1 — 2 0 3 ©*ggPfC3 0~6 OSfflf-A-A^#< 

[0 0 4 9] 

&VMT% 010 (B) T^1"«fce>lC, 0 1~2 0 3±{C^~ Mfift 

iWt«^Ua>!2 0 4, SMtJ/U3>R2 0 5 £igJl?&v^* hn 

>^t^';>yswu ^-Mtwnii^ti2 0 6, i2i 

*K2 o 7©4»&*»K:«na«ri:3fc<i«ffiTJCTa»ftK:^«'t-*. 

[0 0 5 0] 

oi~2 o 3®iSoiMi:¥?IMai:, *V*itesM 
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-2 o 3<Dm*fttf*v*>rztoT*x?m*istiitm#T**mf£&mm&m 
T^z>7kft*mm2i±mftit2 j &z>fc.sbiz 100-20 o°c (Dtummm^m&r 

Xft$ e 

[0 0 5 1] 

=r>^2 o 5<Dnmmmmmx~&£ 0 mitts vnymvz&mMm&mt, *a 

y*MXK.0 2 £Arirm\,\ itftMIl 0 0-2 0 O'CHLXl 0~60n 

ftJ/'j3>!2 04 SMt6iiim*. Sfl:J/'j3>i2 0 5li, 
##*}CN 2 £:A r £fflV\ |Wf^fC 1 0 0-2 0 OtCMLT 1 0 - 3 0 nm© 

mzizmm-rz. mit^vziyoyitmnmz. aizmhmti/v^yatmmm 

JiflHitfcf SifcT?, 3®^- h«ft»«©^J9CSS:3 0-8 Onm^LT*^- h 
y-^«*&fi«a-ft, 2. 5-1 OV, ft*«r{Ctt3. 0-5. 5VT-TFT& 

[0 0 5 2] 

VCVD^Cj:iJTEOS5:ffl^TMt5ift>>'Jn>l^ S i H 4 tgi 
[0 0 5 3] 

it*y*fr (TaN) ^^5il#il2 0 6t, 1 00~4 0 0nm<£# 

>^*^r> (W) »e>A«ft2««R2 0 7fcfcflWf«Mfc-r*. 
[0 0 5 4] 
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ntLTitTa. W, Ti, Mo, Al, C u # &3i«nfe7c3R, ££&3i£:Ft; 

o *1#*K& (Ta) I«L, i2^tJI^Wli:tSi 

il#lI5:if^>^;KTaN) It'Mt, l2#ii^Al 
Kfc-rSffi*^*)*, il#lI^g{L^>^;i/ (TaN) jgt«b, 

[0 0 5 5] 

mz, 0io (C) lc^i:e>{C, ?SWJ&bt>f-h«i©;^->^ 

0 5tt, 2 0 9 <BTfflSK:;i3^T8#U 

[0 0 5 6] 

^ 2 0 8 (010 (D) ) „ 

[0 0 5 7] 

Mii^i#ii2 o e tm2mmm2 o 7 tommwmftv&v. m 

= 010 (E) T'^-f £?IZ K-t;>^«l3l&ffV\ #^^JSfC 
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/• 

ti&fgl p&7JK4fefR«c2 1 5tt^-Mitt-/<-5*;^tsy-^XttK 

3 0 Zti?H<D¥mftMlz&V2>?-**;iM}g l MW2 1 i, 2 

2 l 0©*2#*ttttS(g!M*s*ffi*K:^«S4x5ii:K:3!i!S. ¥**#J§ 

2 0 3tt#*aiS:^-rsas#i:LTarfflU £2 nM*M#J«Xte^2 pi 

[0 0 5 8] 

-g-LT, 01 1(A) {C^-ti: e> JC**&^f SMfc-ffcfi-ffcS/ U n>J^2 1 7 
&^7X7CVD^tCj:»J 5 OnmCD^ST'^U $ &JC 3 5 0-5 5 OICCDfln 

[0 0 5 9] 

tf0g#^T*^©/\ o #->C0j&LT^3 o fit, K^-f xy^i/^ic <fc y rr 
h^-;b2 7 7 Zmt&tZ (011 (B) ) „ 
[0 0 6 0] 

*<Bffe, HI 1 (C) X^t^^lZ, Al, Ti, Mo, Wfc££J^T@Bi&§( 
2 19-221 Wt§. SMMt&<Z>-~#ftt, Ij?50~2 5 0ni.O!)TiIi: 

, 3 0 0 — 5 0 Orm(D&&m (AlfcTi tOlfl^^V^ 

□ 

[0 0 6 1] 

re>LT. nft*MTFT3 0 1, pf •V^jl/MTFT 3 0 2, ^ifcpfP 3 
0 3 MfSrt^tS. &TFTlCfc^TH:4*- MfiUKK:^* < £ 1 

[0 0 6 2] 
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[0 0 6 3] 

EI 1 2 tt^Afi®!! Att¥*«« fcfflV^feTFTCJ:y *M*a%i«<Z>Wft & 
ijaLfe-«fS^t±ffiH7ffty, Hi 3liHl 2^tA-A'»C»§ 

[0 0 6 4] 

BI1 2tt»iS:ij«t«±«!S3)StlTTFT3 0 4 £ **l Slil 
M2 2 8(Z)ffcJC, ^at«^2 2 5, f-^f#«2 2 7, fi*&$ftft|S 3 0 5# 
B!^£*lTV>5^£atl,T^<5 0 Ell 3 0>ra»r®0Jc&^TT F T 3 0 4 « L 
DD«3g&^UTV*5. ^©TFTCD^»XS»i*4<Z)|tSJ|^J|ii:H«if*s«« 
, ¥mfoM2 2 1 JCt4V-XXi*Kl/>f >fi«2 2 3 tfi«ilKl/>f>fi«2 2 
2*<^S*ifcLDD*3ti:«ioTV^ (3©^itX^(C5PLT«#M2 0 0 1 
-0 1 1 0 8 5-^tfUKlC|B«S*lT^.&) . #&£ftfl|S3 0 5^#M2 2 2 

fc, 4 s - Hft»tti:raJiT**»fl:S/U3>«2 2 4 tjtS##»2 2 6©fi* 

*«CJ:oT7g#LTV*$. *ra«J»«tttSffc2/y=i>|!i2 1 7fc;£«8rflg]R2 1 
8t^«atl, f©±IiCf-^^H2 2 7, WfMM2 2 8«C^«a*iTV> 
S= Ell 3 (B) ti«!2 3 3 &»Al/fc««iT?*y, *ffa£« 2 3 0 
«®2 3 1 #7gj8S*u IEft|g|2 2 9, 2 3 1 ^LtM2 3 3 j# ;* *i 5 

a 

[0 0 6 5] 

m 1 4 l**aH® jf ftfflv^feTFTCJiyEL Mm^WftWM £ 

[0 0 6 6] 

01 4t^tffli(j:TFT 3 0 6-3 0 8 CD 3 OOOT F TtfffijL TFT 
3 0 6fCfiWi^i2 3 5 il«i|g2 3 6^iib, TFT 3 0 7{C(i^-« 
t»2 3 7^U TFT3 0 8JCtt««»2 3 6 4:J6»UTV^ 0 rODWi 
«^JCfeV%T, T F T 3 0 6 ttE L*?|Cft«t5l»iS©T F Tlf» »J , TF 
T 3 0 7, 3 0 8mi:IIitS^>fyf>^©TFT^5 0 #IC£||& 



1 8 
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i 

t*s*7»**TFT3 0 6tt, B-B'mizttm?zmi 5 (a) ommmm 

fC^T^<Z)#^&^^j^£;ftT^£o TFT3 0 6 lipff^^T FTt 

K2 l 7fc*a*Mt2 l 8Tf»/aati, -e©±»K:««|»2 3 6, H MMM 2 
3 5 jWgj£3*i*C^S. 
[0 0 6 7] 

12 3 9 fcj&au tii^ftxiiwt^tii 

Mffltfftf L< »Mt&5E LJ12 4 0. tt«f»#4eVJ£*TT?j8}fe 

R + hi 5 (B) tti#jh«2 4 3 t:IB»Lfc»*<o«|«Tf*y, ifefit 

«2 4 3 M12 4 2^©rafcJta3fctt©«fl|Ji24 4*«^S*iTV^. Iff 

[0 0 6 8] 

IR«-9Ki»I§r»6 o 2, ^-jr«H?-9Kttia8l6 0 3^#^P,tiTVN-5 0 -e©ffi 
tC, I/OjJ<-N 6 0 4, CPU6 0 5, i/'J7M>^-7i-X 6 0 6, « 
W 6 0 7 ^ RAM6 0 8, B*Mfij|@8|6 0 9, tfftRAM6 10, 
DAC/ADC 6 1 1, *4-?*V>*®m6 1 2 a!fc^«:*|8^K: J: SUfftffiifs 
*#K&«V*fc T FTT?B-*5Xi«±|C-^t6i fc * TOT?**. 
[0 0 6 9] 

H««l£|g|l 7t@l 8£M^TKl»-t.B. 01 7 tc^f J: ? fc, 0. l~i 
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[0 0 7 0] 

Ell 7T^-Tv-f ^nrr>tfrL-^ 7 0 O0^0i:LT«, CPU701, R 
OM7 0 2, fff»Jii*3> h n-9 7 0 3, 0 4, RAM 

7 0 5, DM A C 7 0 6, ^D-y^«7 0 7, i / ij 7M> ^_ 7l _ x 
7 0 8, tt&(a£|gN& 7 09, ADC/DAC 7 1 0, ^^7*^^^ 7 1 1, 
WDT712, I/Ojff- h 7 0 2fc£-e&£ 0 
[0 0 7 1] 

#5*^K_tK:7£E££;ft£: v-f ^ n ny\£=L-% i o o @i 8 VB^J: e> 
o©iM^#e>^#^LT^£ 0 iHtiilfiii 8 o 5 t-gfcti, ^BPms& 

hL<DmWi\t¥y 8 0 2 (C J: yfj 5=, 
[0 0 7 2] 

LSI, Bf#LSI, ^^'J- ^77^n«LSI, *M?*8SJB L S I £ 
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